The environmental impacts of sport events have been growing during the last decades, which has led to the organizing associations developing adequate countermeasures to both reduce carbon emissions due to construction and operational stages compensate for the emissions. This work aims at proposing an approach to stadiums energy enhancement that includes strategies largely recognized as effective and applicable to several building typologies (residential, commercial, academic, etc.). The selected case study is the Dacia Arena in northern Italy that has been recently refurbished and renovated. The proposed workflow has as a goal minimizing the increment of the operational emissions, caused by new heated areas in the stadium. Firstly, the energy consumption was estimated in dynamic state for Scenario 0 (current state) and Scenario 1 (refurbished state) to quantify the new plant's energy demand. Secondly, two hypothetical system layouts were proposed and evaluated. In the first, the power for lighting, cooling and heating is supplied by a system that couples photovoltaic panels with heat pump. In the second, the same photovoltaic plant is integrated with a biomass plant and an absorption chiller. The comparison highlights the suitability of those interventions and the environmental advantages deriving from their exploitation.
Introduction
The buildings' environmental impact on global energy demand and carbon emissions released in atmosphere have been constantly monitored during the last decades due to their significant increment. Over 40% of global energy consumption and about 18% of greenhouse gas (GHG) emissions are related to the building sector [1] . The current regulations concerning the reduction of building's energy consumption focuses mainly on the operational phase [2] [3] [4] . The European Directive 28/2009 defines the strategic goals which should be achieved by 2020 [5] : (i) an increment by 20% of the energy derived from renewable energy sources (RES) on operational energy consumption; (ii) a reduction by 20% of the GHG emissions during the operational stage compared to the values in the 1990s; and (iii) an increment by 20% in terms of buildings' energy efficiency. Furthermore, the declaration of intents stated that GHG emissions' reduction should reach 30% by 2030 and a 50% by 2050, although the first percentage was revised up by 10% by a Communication of the European Commission on 2014 [6] . The World Green Building Council 2017 Report states that every building has to be carbon neutral by 2050 to maintain the global temperature variation within a range of 2.0 • C [7] . The document
European Football Championship 2016
The Union of European Football Associations (UEFA) demonstrated to take particular care of environment related issues during the continental championship. During the last European Cup in France, innovative and sustainable arenas were constructed in Lyon, Lille, Bordeaux and Nice ( Figure 1 ) [42] . The planners achieved the reduction of the stadiums' impact by increasing the events which could be hosted in addition to the football championship. The Pierre-Mauroy Stadium and the Allianz Riviera, in Lille and in Nice, respectively, can be turned into amphitheaters for concerts and similar events to improve the economical sustainability of the arenas. Furthermore, the new constructed stadiums are well integrated on the landscape, and they are provided with systems powered by RES such as PV plants or geothermal heating systems coupled with natural ventilation (Table 1) .
Energies 2018, 11, x FOR PEER REVIEW 4 of 17 demonstrated in the 2014 Brazil FWC report. In that case, the carbon footprint reached 2,723,756 tCO2-eq by including these parameters (ticket holders transportation and official venues). To reduce this environmental impact, FIFA and Local Organizing Committee (LOC) are implementing: (i) GHG emissions compensation strategies; (ii) green stadiums design; and (iii) waste management in sports arenas. The environmental goals included by FIFA and Brazilian LOC in the agreements were achieved through the design of sustainable venues, along with the definition of compensation strategies described on the previous paragraph. Concerns from FIFA and complaints from critics were shown regarding the economic sustainability and the unnecessary waste of money to build an excessive number of arenas. Indeed, the LOC insisted they wanted 12 host cities (12 new venues), whereas FIFA usually requires not more than eight [32] . However, this paragraph ostensible focuses on systems and plants installed in stadiums to improve their energy performances. Further information regarding the use of funds from FWC's organization can be found in [32, 33] .
Among the Brazilian stadiums, Estádio Castelão was the first to be awarded the Leadership in Energy and Environmental Design (LEED) certification [34] , whereas Estádio do Maracanã, Estádio Mineirão and Arena Pernambuco installed plants to exploit RES and minimize their energy demand. The Maracanã (78,000 seats) is equipped with a Building-integrated Photovoltaic (BiPV) system that is composed of 1500 PV cells placed on the roof. The plant allows reducing emissions by 2600 tCO2-eq by powering 390 kWp, which meets the energy demand of 240 single-family houses (when it is not match-day) [35] . Larger plants were installed on two other stadiums in Belo Horizonte and Recife, which can reach peak powers of 1.5 MWp and 1 MWp, respectively [36, 37] . Furthermore, the LOC decided to evaluate alternative and less common solutions. Specially developed tiles were placed under the turf (56 mm) to convert the kinetic energy of players' movements into electricity. The technology had already been tested in train stations in Europe [38] , shopping centers in Australia [39] and Terminal 3 of London's Heathrow Airport [40] . Indeed, the average footstep generates five watts per second. The system is coupled with PV panels providing the necessary lighting to the pitch [41] .
The Union of European Football Associations (UEFA) demonstrated to take particular care of environment related issues during the continental championship. During the last European Cup in France, innovative and sustainable arenas were constructed in Lyon, Lille, Bordeaux and Nice (Figure 1 ) [42] . The planners achieved the reduction of the stadiums' impact by increasing the events which could be hosted in addition to the football championship. The Pierre-Mauroy Stadium and the Allianz Riviera, in Lille and in Nice, respectively, can be turned into amphitheaters for concerts and similar events to improve the economical sustainability of the arenas. Furthermore, the new constructed stadiums are well integrated on the landscape, and they are provided with systems powered by RES such as PV plants or geothermal heating systems coupled with natural ventilation (Table 1 ). 1 the renewable energy generation in these case studies, is conducted by installing solar panels (SP) and geothermal power (Gt); 2 the minimization is achieved by applying the following strategies: (a) reusable cups; (b) food donation; (c) signage reuse; and (d) composting.
Italian Stadiums
The process of renovation and construction of Italian stadiums started recently. Juventus F.C., A.C. Chievo Verona, Hellas Verona F.C., and Cagliari Calcio are the only teams in the Serie A which have already enhanced their arenas in Turin, Verona, and Cagliari, respectively. Atalanta B.C., F.C. International Milan, A.C. Milan, and A.S. Rome have started the same procedure to improve their stadiums ( Table 2) .
The Bentegodi Arena in Verona is the first Italian stadium to be partially covered. The 42,000-seat arena is provided a PV plant integrated on the roof that powers up to 1 MW with its 13,300 panels [48] . The PV system allows reduces emissions by 550 tons of CO2 and supplies energy equal to the consumption of 350 families. The Allianz Stadium in Turin was realized after the old Delle Alpi Stadium had been partially demolished. The new arena was built in the same area and some of the materials and structures from the previous building (i.e., concrete, aluminum, steel, and copper) was employed, which achieved a reduction in terms of environmental impact and economics, saving up to 2.3 million of euro. Furthermore, the energy consumption is partially covered by integrated solar panels coupled to PV modules. The first covers the heating energy requirements by delivering hot water with a district network; the latter powers up to 100 kWp [49] . 1 the renewable energy generation in these case studies, is conducted by installing solar panels (SP) and geothermal power (Gt); 2 the minimization is achieved by applying the following strategies: (a) reusable cups; (b) food donation; (c) signage reuse; and (d) composting.
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Materials and Methods

Dacia Arena in Udine, Italy
The case study investigated in this research is Dacia Arena in Udine (Italy): it is the 23rd stadium in terms of capacity in Italy (25,144 seats) . The venue was inaugurated in 1976 and it is characterized by an arched roof over the West Gallery-the only covered part of the original configuration. Its shape remained constant throughout all restorations and retrofits until 2013, when the infrastructure was completely renewed. The enhancement actions aimed at design a secure, modern and sustainable arena that could reach the fourth UEFA certification category. Among the structural and energy interventions, it is worth mentioning: (i) the enhancement of window frames; (ii) the design of the snow melting heating system below the playing pitch that is powered by a thermal power station (TPS) and regulated by a secondary station; (iii) the installation of an air source heat pump (ASHP) for heating and cooling the daily used areas in the West Gallery; and (iv) the demolition and reconstruction of the north, east and south sectors, which are covered by a continuous roof. Figure 2 
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The case study investigated in this research is Dacia Arena in Udine (Italy): it is the 23rd stadium in terms of capacity in Italy (25,144 seats) . The venue was inaugurated in 1976 and it is characterized by an arched roof over the West Gallery-the only covered part of the original configuration. Its shape remained constant throughout all restorations and retrofits until 2013, when the infrastructure was completely renewed. The enhancement actions aimed at design a secure, modern and sustainable arena that could reach the fourth UEFA certification category. Among the structural and energy interventions, it is worth mentioning: (i) the enhancement of window frames; (ii) the design of the snow melting heating system below the playing pitch that is powered by a thermal power station (TPS) and regulated by a secondary station; (iii) the installation of an air source heat pump (ASHP) for heating and cooling the daily used areas in the West Gallery; and (iv) the demolition and reconstruction of the north, east and south sectors, which are covered by a continuous roof. Figure 2 reports the venue's layout before and after the last restoration. The reduction of the energy consumption as well as operational costs was achieved using a Building Automation system to optimize the arena's management. Furthermore, modern lighting appliances and motion sensors were installed, decreasing the energy demand for lighting by 20%. Similarly, polycarbonate panels have been placed on the last 11 m of the roof to permit daylight reaching galleries and spectators.
The TPS and the ASHP were coupled to fit daily use and match-day energy requirements for heating and cooling. The TPS reaches a net power of 1380 kW and it powers the indoor heating system and the domestic hot water (DHW) that is warmed to 60-65 °C. A secondary station regulates the thermal power exploited for the snow melting system that is placed 27-30 cm below the football pitch. The exhausted gases are finally expelled from a cluster of grills integrated on the roof edge. The technical specifications for the football pitch's heating system are reported in Table 3 . The ASHP was installed to cover the heating and cooling energy demand in the daily lived areas. They are all located in the West Gallery and they require a heating and a cooling power equal to 303.5 kW and 174.4 kW, respectively. The zones served by the ASHP are: (a) the locker rooms; (b) the The reduction of the energy consumption as well as operational costs was achieved using a Building Automation system to optimize the arena's management. Furthermore, modern lighting appliances and motion sensors were installed, decreasing the energy demand for lighting by 20%. Similarly, polycarbonate panels have been placed on the last 11 m of the roof to permit daylight reaching galleries and spectators.
The TPS and the ASHP were coupled to fit daily use and match-day energy requirements for heating and cooling. The TPS reaches a net power of 1380 kW and it powers the indoor heating system and the domestic hot water (DHW) that is warmed to 60-65 • C. A secondary station regulates the thermal power exploited for the snow melting system that is placed 27-30 cm below the football pitch. The exhausted gases are finally expelled from a cluster of grills integrated on the roof edge. The technical specifications for the football pitch's heating system are reported in Table 3 . The ASHP was installed to cover the heating and cooling energy demand in the daily lived areas. They are all located in the West Gallery and they require a heating and a cooling power equal to 303.5 kW and 174.4 kW, respectively. The zones served by the ASHP are: (a) the locker rooms; (b) the administrative building, which is actually a separated volume but is connected to the same heating system; (c) the medical center; and (d) the fourth level of the West Gallery hosting a cafeteria and a break room.
Dynamic Simulation Settings
Dynamic simulations were conducted through Design Builder (DB) software, a specific tool that exploits Energy Plus engine to estimate building's energy demand. First, the thermal loads which characterize the model were estimated. They were grouped into two main categories (outdoor and indoor thermal loads), as described in Table 4 . Table 4 . Thermal loads considered in the Design Builder model.
Outdoor Thermal Loads Indoor Thermal Loads
Thermal flow through opaque walls Q wall (t) Thermal flow related to people presence Q pers (t) Thermal flow through glazed surfaces Q glaz (t) Thermal flow related to appliances Q appl (t) Thermal flow due to global irradiation Q irr (t) Thermal flow related to lighting system Q light (t) Thermal flow due to thermal bridges Q bridge (t) Thermal flow due to other contributes Q other (t) Thermal flow due to ventilation Q vent (t)
The analyses permitted estimating the energy demand in summer and winter conditions. They were calculated by considering different equations: the transient regime was applied to summer conditions (Equation (1)), whereas the steady regime was preferred for the winter conditions (Equation (2)).
The negative terms stand for the thermal outflow, whereas the positives stand for the thermal inflow. The Q winter calculation does not include all the contributions (Q pers , Q appl , Q light , and Q other ) which can positively affect the heating energy demand. It permits estimating the energy consumption by considering the worst conditions in which the plant could operate. Furthermore, the values included in the calculation in winter conditions do not vary depending on time, but they are included as their maximum (steady regime). Hence, the heating system can be designed without risk of being undersized [52] .
Then, the outdoor and indoor environmental conditions were defined. The following outdoor conditions were identified: (i) air temperature's trend; (ii) relative humidity; (iii) wind velocity; and (iv) solar radiation. The data were suggested from specific Italian regulations such as UNI 10349 [53, 54] since it was not possible to collect them using weather stations. The indoor conditions were defined based on the functions which are hosted in the facilities. An air temperature ranging from T = 20 ± 1 • C (winter conditions) to T = 26 ± 1 • C (summer conditions) should be guaranteed, whereas the relative humidity was set to 50 ± 10% through the whole year. The ventilation is characterized by an inlet air velocity that ranges between 0.05 m/s and 0.40 m/s. Thus, an average value equal to 0.15 m/s was considered. The Air Change per Hour (ACH) value was evaluated considering the user concentration rates as well as room volumes. Tables 5 and 6 summarize the information about localization that was included in the assessment. The values were obtained from Energy Plus database. The DB model was integrated with information about the users' pattern to conduct an accurate simulation in transient regime, in which energy demand varies along with outdoor conditions.
The heating system installed on the playing pitch is automatically activated by the managing system every time the temperature drops below the set-point. This value depends on the location and corresponds to the frost point: in this case, it equals 0.5 • C, and is achieved around 05:00. The temperature sensors, which activate the system, work only in proximity of practice and match days. In particular, during the two football seasons after their installation, it was observed that the heating system operated 32 (2014-2015 season) and 27 (2015-2016 season) times, respectively.
The areas in which the arena is divided are not used with the same frequency and must be considered when energy demand is estimated. They can be grouped into two clusters that are served by two different heating systems. The first group includes all those rooms which are exploited during match days: (a) offices for both UEFA and Lega Seria A functionaries; (b) several restoration areas; (c) VIP zones; (d) conference room; (e) media center; and (f) zones hosting other match days' services. Adequate indoor comfort conditions are guaranteed by a 1380 kW heater powered by methane. In the second category, the daily used spaces are included: (g) locker rooms; (h) administrative offices; (i) the medical center; and (j) the fourth level of the West Gallery where a cafeteria and a break room for players are placed. All those areas are served by the ASHP, which is daily exploited.
A summary of the zones and their utilization are reported in Table 7 to give a complete overview of the use pattern. 1 the renewable energy generation in these case studies, is conducted by installing so and geothermal power (Gt); 2 the minimization is achieved by applying the following reusable cups; (b) food donation; (c) signage reuse; and (d) composting.
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Investigated Scenarios
Two scenarios were simulated in DB: Scenario 0 and Scenario 1. Scenario 0 corresponds to the present arena configuration. It was modeled: (i) to verify the systems' declared performance levels; (ii) to identify over-or under-sized plants; and (iii) to define a basis for comparing Scenario 1. In this paper, only (iii) is discussed since it permits estimating the extra energy demand due to the new facilities added to the arena. The discussion of both (i) and (ii) can be found in [52] . Scenario 0 configuration is the one described in the previous section. Most zones located under the West Gallery are served by the methane-TPS, whereas the remaining daily-used areas are heated (or cooled) by the ASHP. The modeling stage was conducted after the stadium was inspected to acquire information regarding structural packages as well as systems' layout.
Scenario 1 corresponds to the enhanced configuration, where the modern stadium offers services not limited to sports events. In this scenario, the arena is open for the whole week, and the areas below the galleries-north, east and south in addition to the existent west-are exploited as restaurants, beauty centers, training facilities, sports stores, etc. In total, there are 20,000 m 2 organized into two levels, as described in Figure 3 . However, they are so far from the existent thermal stations that the realization of a new heating system was hypothesized. Indeed, the areas hosting match-day services are mainly open spaces, neither heated nor cooled. 
Scenario 1 corresponds to the enhanced configuration, where the modern stadium offers services not limited to sports events. In this scenario, the arena is open for the whole week, and the areas below the galleries-north, east and south in addition to the existent west-are exploited as restaurants, beauty centers, training facilities, sports stores, etc. In total, there are 20,000 m 2 organized into two levels, as described in Figure 3 . However, they are so far from the existent thermal stations that the realization of a new heating system was hypothesized. Indeed, the areas hosting match-day services are mainly open spaces, neither heated nor cooled. The heating energy performances of the new areas were evaluated for each zone by considering the Primary Energy Index (PEi). The PEi refers to primary energy for heating calculated yearly for each square meter. It represents the ratio between the energy demand to achieve an 18 °C indoor temperature and the net surface. Depending on the energy categories which were assigned to the different rooms, an upper limit and a lower limit, expressed in kWh/m 2 per year, can be defined in Table 8 [54] . Then, a mean value was chosen and multiplied by the surface to quantify the energy requirements for guaranteeing the achievement of the thermal comfort zone in every area. The heating energy performances of the new areas were evaluated for each zone by considering the Primary Energy Index (PEi). The PEi refers to primary energy for heating calculated yearly for each square meter. It represents the ratio between the energy demand to achieve an 18 • C indoor temperature and the net surface. Depending on the energy categories which were assigned to the different rooms, an upper limit and a lower limit, expressed in kWh/m 2 per year, can be defined in Table 8 [54] . Then, a mean value was chosen and multiplied by the surface to quantify the energy requirements for guaranteeing the achievement of the thermal comfort zone in every area. Accordingly, the properties of the building envelope were defined and used as input values in DB environment. The configuration of the two levels and the hosted functions are reported in Figure 4a (Level 0) and Figure 4b (Level −1) as modeled on DB environment. Level 0 is 8000 m 2 and it includes a 6000 m 2 area for match-day services (toilets, bars, and other services) and two 1000 m 2 extended, uncompleted zones. The completed parts-currently open air-could be closed with glazed envelopes and heated by the new system to improve users' comfort. Considering their envelope (glazed) is not particularly effective in terms of thermal insulation, they were evaluated as C category zones according to Table 8 . Differently, the uncompleted rooms, which would host a fast food restaurant and a wellness area, should achieve at least a B level of energy performance. Level −1 is located below street level and is characterized by an extension of 12,000 m 2 . Two facilities would be realized in this part of the arena: an indoor training center and a sports store to promote Udinese's merchandising. Both were considered in the calculation as a B category zone. Accordingly, the properties of the building envelope were defined and used as input values in DB environment. The configuration of the two levels and the hosted functions are reported in Figure 4a (Level 0) and Figure 4b (Level −1) as modeled on DB environment. Level 0 is 8000 m 2 and it includes a 6000 m 2 area for match-day services (toilets, bars, and other services) and two 1000 m 2 extended, uncompleted zones. The completed parts-currently open air-could be closed with glazed envelopes and heated by the new system to improve users' comfort. Considering their envelope (glazed) is not particularly effective in terms of thermal insulation, they were evaluated as C category zones according to Table 8 . Differently, the uncompleted rooms, which would host a fast food restaurant and a wellness area, should achieve at least a B level of energy performance. Level −1 is located below street level and is characterized by an extension of 12,000 m 2 . Two facilities would be realized in this part of the arena: an indoor training center and a sports store to promote Udinese's merchandising. Both were considered in the calculation as a B category zone. 
Results and Discussion
The proposal for a sustainable plant to power the new zones (East, North, and South Galleries) was defined considering the results achieved by CIRIAF research group about energy efficiency [55] . Firstly, the energy demand was evaluated as described on the specific section. Then, two alternative systems' layouts were designed and analyzed from an energy point of view. In one system, the PV plant is coupled with a geothermal heat pump, and, in the other system, the PV cells are integrated with a biomass plant and an absorption chiller for cooling and heating. Those plants would power the new areas hosting non-sport functions (training facilities, restaurants, wellness areas, etc.), which cannot be efficiently connected to the heating system present in the West Gallery.
Energy Requirements
In this section, the results of the dynamic simulations conducted in Design Builder environment are reported to define the building energy demand.
The energy consumptions are referred to Domestic Hot Water (DHW), heating, and cooling. They are organized based on the supplying plants: (a) methane-TPS; (b) ASHP; and (c) the new 
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Energy Requirements
In this section, the results of the dynamic simulations conducted in Design Builder environment are reported to define the building energy demand. The assessments underline how the increment of heated surface could lead to increase the heating energy demand and the cooling needs by 35% and 63%, respectively. In particular, the new plant (Scenario 1) should supply 783,000 kWh for heating and 159,500 kWh for cooling, as reported in Table 9 and Figure 5 . The assessments underline how the increment of heated surface could lead to increase the heating energy demand and the cooling needs by 35% and 63%, respectively. In particular, the new plant (Scenario 1) should supply 783,000 kWh for heating and 159,500 kWh for cooling, as reported in Table 9 and Figure 5 . 
Alternative Strategies towards Zero Energy Stadiums
The PV plant is integrated on the roof above the East and South Galleries. The panels are characterized by low tilt angles ranging from 3° and 9°, as reported in Figure 6 . The roof is divided into three rings (outer, middle, and inner). Except for the inner part that is made of transparent panels to permit daylight reaching spectators, the remaining two sections (middle and outer) are covered by PV cells (about 7000 m 2 ) [56] .
The energy produced by the installed modules was estimated by the software Sunny Design for each roof's sector. According to the current regulations [57] , both the age of the infrastructure (part of the arena has been built after 2017) and the PV extension (7000 m 2 ) were considered for evaluating the minimum required power, which turns out to be 140 kW. As summarized in Table 10 , the plant can reach a peak power of 780 kWp (815,000 kWhe/year). It permits to supply enough energy for fitting the requirements related to lighting during the match day (around 60,000 kWhe/year) [52] . 
The PV plant is integrated on the roof above the East and South Galleries. The panels are characterized by low tilt angles ranging from 3 • and 9 • , as reported in Figure 6 . The roof is divided into three rings (outer, middle, and inner). Except for the inner part that is made of transparent panels to permit daylight reaching spectators, the remaining two sections (middle and outer) are covered by PV cells (about 7000 m 2 ) [56] .
The energy produced by the installed modules was estimated by the software Sunny Design for each roof's sector. According to the current regulations [57] , both the age of the infrastructure (part of the arena has been built after 2017) and the PV extension (7000 m 2 ) were considered for evaluating the minimum required power, which turns out to be 140 kW. As summarized in Table 10 , the plant can reach a peak power of 780 kW p (815,000 kWh e /year). It permits to supply enough energy for fitting the requirements related to lighting during the match day (around 60,000 kWh e /year) [52] . On the first proposed solution, the photovoltaic plant is coupled to a geothermal plant for supplying electricity and thermal energy. The ground properties were evaluated according to [58] . A yield equal to 50 W/m was estimated for the surroundings. Based on the dynamic simulation results, the heat pump should guarantee around 500 kWt and 175 kWf. The proposed system includes two heat pumps [59] which can power up to 240 kWt for each with a Coefficient of Performance (COP) equal to 4.6. The requirements to the ground in terms of power are 390 kW, thus 38 probes of 200 m depth should be realized. Nevertheless, considering the results obtained on the "Sistema di Climatizzazione da fonti Energetiche Rinnovabili" (SCER) pilot project [60] , it is possible to reduce the probe number to 13 as long as a 250 m 3 heat storage tank is added. Although the plant is largely recognized as efficient from an energy point of view, the interventions for its realization are characterized by a high level of environmental impact. However, the extra power produced can be delivered to the energy grid to lower the environmental impact of the facility. Indeed, only 260,000 kWh/year of the 815,000 kWhe per year powered by the PV plant are directly exploited by the heat pump, and the building is energetically autonomous for the 80% of the investigated period.
The solution proposed in this paragraph evaluated the possibility of exploiting biomass instead of geothermal power. Using biomass represents an efficient strategy to achieve the reduction of fossil energy source exploitation as confirmed by several studies conducted by the European Renewable Energy Council [61] . Biomass could cover up to the 50% of the European energy requirements by contributing at the same time to the achievement of the goals declared on COP 22 in terms of reduction of greenhouse gas emissions [62, 63] . In this proposal, the PV panels are integrated with a biomass plant for supplying the required heating and cooling energy. The plant's layout is similar to the one proposed on [55] . The boiler has a nominal power of 500 kWt obtained by installing two modules by 250 kWt [64] . Furthermore, two thermal storages were designed for the heating system and the DHW: their volumes are equal to 15 m 3 and 6 m 3 , respectively. The cooling energy needs are supplied by an absorption chiller connected to the biomass plant: the water heated to 106 °C by the biomass plant generates 175 kWf. The cooling plant is completed by a 675 kW evaporative tower. In conclusion, the biomass consumption would be around 1250 m 3 per year considering the calorific power of the chosen biomass (700-900 kWh/m 3 ) and the yearly energy demand.
The primary energy is calculated for both the proposed solutions. In the first, the primary energy exploited by the geothermal plant is the electricity derived from the PV panels integrated on On the first proposed solution, the photovoltaic plant is coupled to a geothermal plant for supplying electricity and thermal energy. The ground properties were evaluated according to [58] . A yield equal to 50 W/m was estimated for the surroundings. Based on the dynamic simulation results, the heat pump should guarantee around 500 kW t and 175 kW f . The proposed system includes two heat pumps [59] which can power up to 240 kW t for each with a Coefficient of Performance (COP) equal to 4.6. The requirements to the ground in terms of power are 390 kW, thus 38 probes of 200 m depth should be realized. Nevertheless, considering the results obtained on the "Sistema di Climatizzazione da fonti Energetiche Rinnovabili" (SCER) pilot project [60] , it is possible to reduce the probe number to 13 as long as a 250 m 3 heat storage tank is added. Although the plant is largely recognized as efficient from an energy point of view, the interventions for its realization are characterized by a high level of environmental impact. However, the extra power produced can be delivered to the energy grid to lower the environmental impact of the facility. Indeed, only 260,000 kWh/year of the 815,000 kWh e per year powered by the PV plant are directly exploited by the heat pump, and the building is energetically autonomous for the 80% of the investigated period.
The solution proposed in this paragraph evaluated the possibility of exploiting biomass instead of geothermal power. Using biomass represents an efficient strategy to achieve the reduction of fossil energy source exploitation as confirmed by several studies conducted by the European Renewable Energy Council [61] . Biomass could cover up to the 50% of the European energy requirements by contributing at the same time to the achievement of the goals declared on COP 22 in terms of reduction of greenhouse gas emissions [62, 63] . In this proposal, the PV panels are integrated with a biomass plant for supplying the required heating and cooling energy. The plant's layout is similar to the one proposed on [55] . The boiler has a nominal power of 500 kW t obtained by installing two modules by 250 kW t [64] . Furthermore, two thermal storages were designed for the heating system and the DHW: their volumes are equal to 15 m 3 and 6 m 3 , respectively. The cooling energy needs are supplied by an absorption chiller connected to the biomass plant: the water heated to 106 • C by the biomass plant generates 175 kW f . The cooling plant is completed by a 675 kW evaporative tower. In conclusion, the biomass consumption would be around 1250 m 3 per year considering the calorific power of the chosen biomass (700-900 kWh/m 3 ) and the yearly energy demand. The primary energy is calculated for both the proposed solutions. In the first, the primary energy exploited by the geothermal plant is the electricity derived from the PV panels integrated on the roof.
In the second, the primary energy consumption of the biomass plant is the chemical energy from biomass. Considering that the woodchips are characterized by a lower heating value and a density equal to 3.4 kWh/kg and 325 kg/m 3 , respectively [55] , as well as the yearly woodchips consumption of 1250 m 3 (440,000 kg), the primary energy is estimated around 1,500,000 kWh/year. This value is higher than the primary energy required by the geothermal heat pump (260,000 kWh/year). Table 11 summarizes the energy parameters presented in this study. These values are not enough to define the best solution from an environmental and economic point of view but they allow energetically evaluating the two alternatives as stated as the aim of the study. 
Conclusions
The present work proposes a cluster of actions to reduce energy use of Dacia Arena. Most have already been realized during the upgrading of the West Gallery, and the demolition and reconstruction of the North, East and South Galleries. The interventions allow the creation of new areas-about 20,000 m 2 -available for commercial activities. Indeed, the economic crisis and the diffusion of other forms of on demand entertainment caused a reduction of the number of supporters at the stadium. Thus, developing and promoting activities that could be complementary to football would provide new profitability. The sustainability of the interventions has been evaluated in terms of operational energy use. The strategies included: (i) a photovoltaic system integrated on the new roof, for providing electricity; and (ii) a geothermal or a biomass plant for heating and cooling. The PV system turns out to be able to yearly power up to 815,000 kWh e . In the case of heat pump installation, part of that amount (around 500,000 kWh) is a surplus and it is not directly exploited by the arena facility. It is immitted in the energy grid and delivered to close neighborhoods to compensate the stadium's carbon emissions. Differently, in the configuration with a biomass plant, the totality of the PV production could be delivered to the energy grid. In the first plant layout, the use of a geothermal heat pump system including two 240 kW t heat pumps was proposed. In the second, the biomass plant was composed by a boiler having a nominal power of 500 kW t (two modules by 250 kW t ), integrated with an absorption chiller (175 kW f .) and an evaporative tower (675 kW). The energy analyses conducted on the two alternatives for the stadium plants layout demonstrated the feasibility of the proposed approaches, which could be replicated in other facilities. 
